SuMMARY
The Laryngeal Mask Airway Supreme (LMAS) is a new, single-use laryngeal mask airway with gastric access. We conducted a randomised controlled study comparing the LMAS with the reusable ProSeal Laryngeal Mask Airway (PLMA) in 70 patients undergoing general anaesthesia with paralysis for gynaecological laparoscopic surgery. Our primary outcome measure was the oropharynegal leak pressure. We also compared the two devices for ease of insertion, adequacy of ventilation and incidence of complications. Both devices had similar rates of successful insertion at the first attempt (LMAS 94% vs PLMA 91%). There was no difference in the time to establish an effective airway (LMAS 25±22 vs PLMA 24±9 seconds), although gastric tube insertion was faster for the LMAS (5±1 vs 7±3 seconds, P <0.001). The mean oropharyngeal leak pressure in the LMAS was significantly lower than in the PLMA (27.9±4.7 vs 31.7±6.3 cmH 2 O, P=0.007). This was consistent with a lower maximum tidal volume achieved with the LMAS (481±76 vs 515±63 ml, P=0.044). We found that after 60 minutes the cuff pressure was significantly higher in the PLMA (110±21 vs 57±8 cmH 2 O, P <0.001). There was no difference in the ability to provide adequate ventilation and oxygenation during anaesthesia. Complication rates were similar. We conclude that the oropharyngeal leak pressure and the maximum achievable tidal volume are lower with the LMAS than with the PLMA. airway, with a body mass index >35 kg.m -2 or at increased risk of regurgitation and aspiration. The patients were then randomised using sealed opaque envelopes to the PLMA or LMAS group (PLMA=35 and LMAS=35).
Trainee anaesthetists with more than one year of experience with airway management using laryngeal masks administered anaesthesia for this study. A second anaesthetist was available to record data as an independent observer. Standard monitors (electrocardiograph, non-invasive blood pressure and pulse oximetry for arterial oxyhaemoglobin saturation, SpO 2 ) were instituted before induction of anaesthesia. Blood pressure, heart rate and arterial saturation were automatically recorded at one-minute intervals for six minutes. An appropriately-sized PLMA or LMAS device was prepared, deflated and lubricated according to the manufacturer's recommendations 7, 8 . After preoxygenation for three minutes, anaesthesia was induced intravenously with fentanyl 1.5 µg.kg -1 , propofol 2.0 to 2.5 mg.kg -1 and mivacurium 0.2 mg.kg -1 . To avoid gastric insufflation the lungs were not ventilated before the first insertion attempt. One minute after administration of mivacurium, when the jaw was sufficiently slack, the laryngeal mask was picked up and inserted according to the manufacturer's recommended technique (digital insertion technique for the PLMA) 7, 8 . The cuff was inflated with 30 ml of air and then an attempt was made to manually ventilate the lungs. When a square wave capnograph trace was obtained, effective ventilation was considered to have been achieved. Otherwise, the device was to be completely removed in preparation for another insertion attempt. The number of insertion attempts and the time to effective ventilation, defined as the elapsed time between picking up the laryngeal mask and obtaining a square wave capnograph trace, were recorded. Effective ventilation was achieved within three attempts and 180 seconds for all subjects, so no alternative airway management devices were needed.
With the airway in place, we connected a cuff pressure manometer to adjust the cuff pressure to 60 cmH 2 O and recorded the cuff volume at that point. A gel plug was placed in the proximal end of the laryngeal mask drain tube, and a 14 French gauge gastric tube inserted. We recorded the time needed to insert the gastric tube. The laryngeal mask was secured to the face using tape according to manufacturer's recommendations 7, 8 . The observer then measured the oropharyngeal leak pressure by noting the airway pressure at which the circuit pressure gauge stabilised with fresh gas flow at 3 l.min -1 and the airway pressure limiting valve fully closed 9 .
Anaesthesia and Intensive Care, Vol. 37, No. 5, September 2009 The anaesthetist adjusted the ventilator to achieve effective oxygenation and ventilation using volume-controlled intermittent positive pressure ventilation. The aim was to achieve an SpO 2 ≥95% and end-tidal carbon dioxide <50 mmHg using an inspired oxygen fraction (FiO 2 ) ≤0.5 with respiratory rate 10 to 16 min -1 and tidal volume of 8 to 12 ml.kg -1 10 . Anaesthesia was mainained with nitrous oxide 50 to 70% and sevoflurane 2 to 3%. Additional muscle relaxants and analgesics were administered at the anaesthetist's discretion. Cuff pressure was measured after 30 and 60 minutes and the pressure of the pneumoperitoneum noted.
At the end of the operation, the airway device was removed when the patient resumed spontaneous breathing and it was inspected for the presence of visible blood. A blinded observer assessed the patient for sore throat and hoarse voice just prior to discharge from the postoperative care area.
Data were entered and analysed using Statistical Package for the Social Sciences version 14 (SPSS 14). Data were tested for normality. Parametric data were analysed using the Student's t-test and non-parametric data with the Mann-Whitney u-test. Categorical data were analysed using Fisher's exact test for data with two categories and chi-square test for data with more than two categories. A P value less than 0.05 was considered to be significant.
From a previous study, the oropharyngeal leak pressure of the PLMA is 27±4 cmH 2 O 2 . To detect a clinically significant difference of 10% between the two groups, with α=0.05 and power of 80%, 32 patients per group were needed. Thirty-five patients were recruited for each group to allow for dropouts.
RESuLTS
All subjects completed the study and were analysed. Baseline demographic and surgical characteristics were comparable between the two groups ( Table 1) . Table 2 summarises the data collected during laryngeal mask insertion and ventilation.
Ease of insertion was comparable between the PLMA and LMAS groups, with successful placement at the first attempt in 91.4 and 94.3% of patients respectively. In the PLMA group, three devices were successfully placed only on the second attempt. One LMAS required two attempts and one was placed only on the third attempt. There was no case of failed insertion of either device. Accordingly, more than 90% of insertions for both devices were reported to be 'easy' and none was 'difficult'.
The time to effective ventilation did not differ significantly (25±22 seconds for the LMAS and 24±9 seconds for the PLMA, P=0.739). Gastric tube insertion was completed in significantly less time with the LMAS (5±1 vs 7±3 seconds for the PLMA, P <0.001). The haemodynamic parameters of both groups measured during airway placement did not differ significantly.
The mean oropharyngeal leak pressure in the LMAS group was significantly lower than in the PLMA group (27.9±4.7 vs 31.7±6.3 cmH 2 O, P=0.007). This finding was consistent with a lower maximum tidal volume achieved with the LMAS compared to the PLMA (481±76 vs 515±63 ml, P=0.044). There was, however, no difficulty with oxygenation and ventilation in any patient, even though one PLMA patient and two LMAS patients had leak pressures <20 cmH 2 O. The maximum endtidal carbon dioxide was similar in both groups.
The mean volume of air needed to achieve a cuff pressure of 60 cmH 2 O was 26±6 ml in the LMAS and 22±4 ml for the PLMA (P=0.001). With the cuff initially inflated to 60 cmH 2 0, the LMAS maintained a stable cuff pressure after 60 minutes, while cuff pressures in the PLMA had risen significantly (110±21 vs 57±8 cmH 2 O, P <0.001). The complication rates were low and comparable (Table 3) .
DISCUSSION
Based on the primary outcome of oropharyngeal leak pressure, the PLMA proved superior to the LMAS. We did not find any other significant differences in the ease of insertion, adequacy of ventilation for gynaecological laparoscopic surgery or complication rates. A potential advantage of the LMAS over the PLMA was that, unlike the PLMA, the cuff pressure remained stable during general anaesthesia using nitrous oxide.
The oropharyngeal leak pressures in our study are consistent with the findings of a recently published study comparing the LMAS with the PLMA in 93 female patients 6 . Whether the difference in leak pressure matters in clinical practice is debatable. Among patients in this study the lower leak pressure in the LMAS resulted in a lower mean tidal volume, but adequate ventilation and oxygenation were maintained without difficulty for the duration of surgery with a pneumoperitoneum. This result might be different if other factors such as obesity, lung disease or increased risk of gastric aspiration are present. Recent reports of the PLMA being successfully used for airway rescue in failed obstetric intubation 11, 12 suggest that in such clinical situations the PLMA, with its better seal, might be preferable to the LMAS. This justifies its continued availability in the anaesthetist's equipment arsenal.
The smoother and more rigid gastric drain channel in the LMAS appears to facilitate insertion of a 14 French gauge gastric tube, resulting in a shorter insertion time.
unlike the silicone cuff of the PLMA, the cuff of the LMAS is made of polyvinyl chloride. The latter 13 . Although no difference was found in the complication rates between the two groups of patients in this study, the incidence of complications was low and our study was not powered to detect any differences that may be present. The recommendation to periodically monitor and adjust the cuff pressure of the PLMA during anaesthesia may not apply as strictly to the LMAS, reducing a potential source of complication.
Our study has a number of limitations. First, we studied a female population with normal airways having elective gynaecological laparoscopic surgery. The data collected cannot be directly extrapolated to the use of the LMAS in males and in the variety of clinical scenarios for which PLMA data is already available. Second, whether the stability of cuff pressure in the LMAS might result in a lower incidence of sore throat or other complications requires a larger study with adequate power. Third, blinding was not possible in the collection of some data, which may be a possible source of bias. Finally, the cost-effectiveness of using the LMAS rather than the PLMA was not addressed.
In conclusion, we found that the LMAS has a lower oropharyngeal leak pressure and achieves a lower maximum tidal volume compared to the PLMA in South-East Asian patients undergoing general anaesthesia with paralysis for elective gynaecological laparoscopic surgery. In situations where a higher ventilation pressure may be needed, the PLMA may be preferred to the LMAS. The ease of insertion, adequacy of ventilation and complication rates are comparable for the two airway devices. The cuff pressure of the PLMA increased significantly during anaesthesia with nitrous oxide compared to the LMAS.
